9 4 1 an important role in traditional medicine and its main component is considered to be a 4 2 triterpenoid saponin of dammarane-type(Wang et al. 2001, Yue et al. 2007). As 4 3 aglycones of dammarane-type triterpenes, protopanaxadiols (PPD) and 4 4 protopanaxatriols (PPT) are the main part of these triterpene compounds in P.ginseng. 4 5 As reported, Ginsenosides-Rg3, -Rd, -Rc, -Rb1, and -Rb2 were typical PPDs. The 4 6 sugar moieties are connected to the ring of the triterpene dammarane at the 4 7 three-position in PPD while attached at the six-position in PPT such as 4 8
The hairy roots of 1.0 g fresh weightwas culturedinevery flask for 3weeks. The furry 1 0 8 roots were harvested in a few weeks, washed three times with distilled water, dried 1 0 9 with paper towels, and then dried in the oven for 50°C until a constant dry weight 1 1 0 (DW) was observed. Potato dextrose agar (PDA) medium included 200 g potato, 20 g dglucose, 15 g agar, 1 1 5 1000 ml deionized water and was used to isolate and culture endophytic fungi. Whileas, 1/2MS medium contained 2.215 g MS powder, sucrose 30 g, 1000 ml 1 1 7 deionized water and the PH was 6.0, which was applied to theculture of Panax 1 1 8 ginseng hairy roots. Both types of media were sterilized for 30 min. The roots of Panax ginseng C. A. Mey. were washedthoroughly in the tap water 1 2 2 and then the soil attaching to the root was removed with the ionized (DI) water, 1 2 3 followed by being cut into small 15 mm-long root section with a disinfected scissors. Subsequently,those segments were surface-sterilized by using continuous immersion excess water is daubed on a steroidal filter paper, the dried segments were cut into 1 2 8 small pieces about 2mm thickness and placed evenly in a petri dish containing 1 2 9
100mg·l -1 penicillin to eliminate bacterial growth.After the petri dishes were sealed separately at 0, 3, 6, 9, 12 15, and 18d. The hairy roots were dried at 50 °C in an oven until dry weight (DW)was Paraffin embedding and slicing of hairy root tissues 1 5 9
The fresh tissues were fixed in 4% paraformaldehyde for more than 24h. After 1 6 0 that,these tissues were removed from the fixed liquid, pruned with scissors in the immersed tissues were embeded in the melting wax on the embedding machine before preserved under normal temperature. The sections were put into xylene I for 20 min, xylene II for 20 min, anhydrous 1 7 5 ethanol I for 10 min, anhydrous ethanol II for 10 min, 95% alcohol for 5 min, 90% 1 7 6 alcohol for 5 min, 80% alcohol for 5 min, 70% alcohol for 5 min in turn and washed 1 7 7 in distilled water. Thework preparation was blended of ammonium silver stock solution (20 ml), distilled water (15 ml) and 5% sodium tetraborate (2 ml) 1 7 9
successively and preheated at the 60 degree centigrade in the oven. Meanwhile, these 1 8 0 sections were placed into 1% periodic acid15 to 20 min for oxidation. Afterwards, collection and analysis under microscope.
The sections were putinto xylene I for 15 min,xylene II for 15 min, anhydrous ethanol 1 9 1 I for 5 min, anhydrous ethanol II for 5 min, 85% alcohol for 5 min and 75% alcohol 1 9 2
for 5 min and washed with distilled water.Antigen retrieval of the tissue sections were decoloring shaking bed. Then the target organization was circled withresistance pen, temperature.Afterwards, the sections were dipped withprimary antibodyof certain Co., Ltd.), total RNA was extracted from P. ginsenghairy root samples. The quality 2 1 6 and concentration of RNA were examinedthrough ethidium bromide-stained agarose 2 1 7 gel electrophoresis and spectrophotometric analysis. for 10 min at 94 , and for 40 cycles of 20s at 94 , 15s at 60 and 20s at 72 . The 2 2 7
relative gene expression was quantified by the comparative CT method. transcripts was analysed by one-sample t-test. Identification of fungal strain 3R-2 2 4 0
In the PDA medium, there is no sporophore and the colony is white, fluffy and the 2 4 1 back of the colony is white too (Figure 3 ). Based on 3R-2 morphological 2 4 2 characteristics and molecular analysis of ITS rDNA (ITS 1, ITS2, and 5.8 S rRNA GeneBank. With the neighbor-joiningmethod, we carry on phylogenetic tree after 2 4 6 1000 bootsrap and identification at the species classification level is based on ≥ 100% 2 4 7 similarity (Figure 4 ).In addition, the plant endogenous fungi have been collected and China as 11009 ( Figure 3 ).As we know, there is no report that Schizophyllum 2 5 0 commune was able to increase plant growth and active substances. The observation of 3R-2 mycelia in P. ginseng hairy roots 2 5 3
The existence of endophytes and the morphology of endophytes were obviously 2 5 4 observed in P. ginseng hairy roots through P. ginseng tissues embedding slicing, HE 2 5 5 ammonium silver staining and immunofluorescence staining. Compared with 4R-2 2 5 6 strain, more 3R-2 mycelia inoculated in P. ginsenghariy root and 4R-4 had the same 2 5 7
inoculation capacity with 3R-2, whereas 4R-4 constructed hyphae web throughout 2 5 8 root cells (Fig. 6) . HE ammonium silver staining illustrated the main infection sites 2 5 9
were found in parenchyma cells around (Fig. 7) . HE ammonium silver staining tissues may provide some experimental basis for the future research. Effects of 3R-2 mycelium on the biomass and ginsenoside contents of P. ginseng hairy 2 6 6 roots 2 6 7
Eighty three endophytic fungal strains were isolated from the roots of Panax 2 6 8 ginsengon the basis of morphology. A strain of endophyte 3R-2 that could increase the 2 6 9 contents of ginsenoside Rc and ginsenoside Rg 2 was screened out by using HPLC . Compared with other endophytic fungi, 3R-2 has exceptional effect on the growth and 2 7 1 bioactive substances accumulation of P. ginseng hairy roots (Fig. 1) . Endophyte 3R-2 2 7 2
can promote biomass of P. ginsenghairy roots by 16% and the content of Rg 2 and Rc with control group, which indicated 3R-2 was an effective beneficial endophyte for P. The endophyte 3R-2 hyphae was added into of P. ginseng hairy root cultures by hyphae co-culture with P. ginseng hairy roots (Fig. 2) . The RT-PCR of four key enzyme genes HMGR, SS, SE and DS in the secondary 2 8 9 metabolic pathways of ginsenosides was carried out, and the results showed that key 2 9 0 enzyme genes SS of the 3R-2 mycelium group is significantly higher than the control 2 9 1 group and reached the highest in 6 days, which promoted the expression of SS by 3.86 2 9 2 fold in 6 days. From 12 th to 18 th day, 3R-2 mycelium had an obvious effect on 2 9 3 increasing the expression of HMGR and DS (Fig. 7A,D) . And the expression of SE 2 9 4 was increased from 9 th to 18 th day (Fig. 7C) , whereas 3R-2 mycelium cause a 2 9 5 distinct boost on the expression of SS from 15 th to 18 th day (Fig. 7B ). While the key 2 9 6 enzyme genes HMGR, SE and DS of the 3R-2 elicitor groups reached its highest in 15 2 9 7 days and were 90 times, 20 times and 120 times higher than control group, 2 9 8 respectively (Fig. 7) . The elicitor of 3R-2 promoted the expression of HMGR in the 2 9 9 late days from 15 th to 18 th day. Nevertheless, 3R-2 elicitor had a tremendously greater 3 0 0 increase on the expression of HMGR, SS, SE, DS by tens times. restricted by low output of P. ginseng root and low content of ginsenosides. In this 3 0 7 study, endophytic fungi from P. ginseng were chosen as research objects to study the 3 0 8
relationship with the host plant, aiming to promote ginseng growth.. We adopted the 3 0 9 P. ginseng hairy root system as the research platform and screened out an endophyte commune not only promoted the growth of P. ginseng hairy root but also increased 
